Economic Value of Ecosystem Services, Minerals and Oil in a Melting Arctic: a Preliminary Assessment

Supplementary Material
Tanya O'Garra This document outlines the data sources, procedures and assumptions used to obtain estimates of the economic value of key Arctic ecosystem goods and services. Caveats and limitations are briefly touched on at the end. All values are presented in 2016 US$. Where necessary, economic values have been adjusted to account for inflation, and other currencies adjusted to account for income differences, using the World Bank's purchasing power parity conversion factors.
Populations statistics have been obtained from various sources; these are listed below (Section 12) under 'Sources of Data for Population Statistics'.
Food (subsistence)
Subsistence harvest data was only available for Alaska, collected for the Alaska Division of Fish and Game (ADF&G) Subsistence Survey and published online at the Community Subsistence Information System (CSIS) website 1 . This dataset consists of (mostly) annual subsistence harvest data for the year 2012 for various locations across Alaska, including 'Arctic Alaska', which consists of the rural communities of Golovin, Kotzebue, Noorvik and Point Lay (CSIS, 2012) . Urban communities are also included in this dataset, of which only Prudhoe Bay is above the Arctic Circle. Hence, subsistence harvest values for this community are also included.
Although non-indigenous people also hunt, these are a minority and generally fall under "domestic harvest" category. It will be assumed that the subsistence harvest accrues only to indigenous Arctic communities, and that amounts extracted have remained constant over the past four years.
To extrapolate the subsistence harvest values for Alaska to the rest of the Arctic, the average amount harvested per capita was used (this includes fish, land mammals, marine mammals, Ideally, the total value of subsistence harvests presented in this study would be net of costs associated with engaging in harvest activities (the correct value of subsistence harvest).
However, to the best of my knowledge there are no estimates of the costs of subsistence harvest to Arctic communities. Therefore, I assume average harvest costs to be 20% of the benefits of subsistence harvest following Costanza et al. (1997) , although they apply this to subsistence harvests from forests which are very different from Arctic tundra and ice. However, in the absence of more precise estimates, this will be used albeit with caution.
Food (fisheries, commercial)
Valuation of commercial fisheries uses secondary data reported in Vilhjálmsson and Hoel (2013) . The authors source the fisheries production and revenue data from the various Directorates of fisheries of the Arctic fishing nations (Canada, Greenland, Iceland, USA (Alaska), Norway and Russia). Because we are interested in the economic value of ecosystem goods and services rather than their market value, the costs of production must be subtracted from total revenue. To do this, I have assumed average costs of production to be 80% of revenue, based on figures in the World Bank's Sunken Billions report (Arnason et al., 2008) . 
Minerals
Mining data was obtained from Haley et al. (2011) , who sourced Arctic mineral production data from a wide range of sources, including statistical, geological and mining organisations.
Their review covers historical production from 1980 until 2007 (except for oil and gas) for Alaska, Canada, Greenland, Svaalbard, Sweden, Finland and Norway (no available data for Russia). However, they note that: Given a dearth of robust data on production costs of mining, and a very large variation in what available data there is, I have assumed that 50% of mining revenue comprises costs (based on average production costs for hard rock mining in Alaska reported in Rothe, 2006) .
Oil
Data on oil production was obtained from the U.S. Energy Information Administration website for the year 2012. There are 19 oil basins in the Arctic region, but significant oil production is only taking place on the North Slope (Alaska) and in the Northwest Arctic region of Russia (including Komi Republic, Arkhangelsk and Yakutiya). Although the Komi Republic oil fields are just below the Arctic circle (at around 64 degrees), they produce oil from the Timan-Pechora oil basin which overlies the Arctic Circle, extending across 61°-72° north latitude and 44°-66° east longitude (Lindquist, 1999) . Rather than assign an arbitrary fraction of oil production from the Komi oil fields to the Arctic region, I have opted to include all production from this oil field in this analysis. Annual oil production figures are based on 2012 data rather than a mean over 5 or 10 years because production in the North Slope is rapidly declining per year.
We estimate the average price per barrel as the average price over the year 2016, which comes to $104.92. The cost of oil extraction was calculated by assuming that the Arctic has the same costs for producing crude oil and natural gas. Furthermore, this number may not sufficiently describe the particular case of the Arctic and the special exploration and extraction costs connected to such a frozen environment. Using the average of off-shore and on-shore drilling in Adjusted to 2016 values, this comes to US $37.77 per barrel. However, the costs of extraction in the Arctic will be much higher, given the environmental and climatic extremes in this region.
Given that we cannot identify information on these costs, we have assumed that the cost of extraction is 50% higher. (2010; 2013a; 2013b; 2014) 
Hunting (cultural/identity)
Indigenous communities obtain welfare from hunting large mammals, through the strengthening of kinship ties and increased social capital from cooperation on the hunt. These all contribute to cultural and identity benefits. The only study to attempt to value these nonmarketed aspects of the hunt is Olar et al., (2011) . In an assessment of the socio-economic importance of polar bears to Canadian households, they estimated that the benefit of polar bear comes to about US$6,547 per adult hunter per year (in 2016 US$). In order to obtain an Arcticwide value, it was assumed that all adult indigenous people in countries that allow polar bear hunting receive this cultural benefit from engaging in the polar bear hunt (PBSG, 2009 ). These countries include Canada (indigenous adult population: 0.04million), the US (Alaska) (0.081million) and Greenland (0.038million), which totals 157,846 adults (about 39.7% of the approximate 400,000 indigenous people in the Arctic).
The total number of bears hunted by non-sports hunters in 2012 came to 677 (total removals were 762, of which 85 were sold for sport hunting as per a quota system for trophy polar bear hunting in Canada) (see PBSG, 2013 for data on polar bear removals). It is worth noting that other hunts (e.g. whales, caribou) may also confer similar cultural and social capital values on hunting groups. However, there are no estimates of total cultural value of these hunting activities, so the value reported for polar bears will be considered indicative.
Tourism (cruise ship only)
For this section, only cruise-based tourism has been considered. Data on land-based expenditures has not been included in this valuation, so this value should be considered an underestimate. Part of the difficulty in identifying the value of Arctic tourism is that Arcticspecific trips are not differentiated in country-wide tourism statistics. This remains an area for future research.
The data for this section comes from Jorgenssen (2014) , which provides data on cruises registered with the Association of Arctic Expedition Cruise Operators (AECO). AECO's core areas are Svalbard, Jan Mayen, Greenland, Canada and the national park "Russian Arctic" (Franz Josef Land and northern Novaya Zemlya). Two main Arctic cruise passenger type: expedition cruises, which involve Arctic-specific cruises varying in length from 7-19 passenger-days, and conventional cruises, with a 1-3day trip via the Arctic.
This estimate of tourism value uses a simple expenditure valuation approach: passenger numbers per cruise-day spent in the Arctic are multiplied by an average price of US$600 per passenger-day (calculated by author by averaging over the prices listed under the AECO members websites). It is assumed that Arctic expeditions spend an average 12 days, and conventional cruises spend an average 2 days in the Arctic. To calculate the net value of cruise tourism, I used a 10% profit margin reported for the cruise ship industry as a whole in a year (Statista, 2015) . 
Climate regulation
Data for this section were obtained from Goodstein et al. (2010) , who evaluate the impact that the loss of snow, ice, and permafrost will have on the earth's ability to manage its climate. The loss of ice and snow is exceptionally important because heat will not be reflected back out of the atmosphere (the albedo effect). Furthermore, permafrost stores large quantities of methane, which is a greenhouse gas. Using existing data on surface warming effects from the loss of snow, ice and permafrost, together with estimates of the amount of carbon dioxide released from permafrost melt, Goodstein et al (2010) construct a simple model that converts the additional planetary warming caused by these three effects into annual CO2 equivalents; economic estimates are then obtained using the social cost of carbon. Using this approach, Goodstein et al. (2010) estimate that Arctic snow, ice and permafrost contribute $61-371 billion per year (in 2010 US$) in terms of climate regulation services to the planet.
These annual values provided by Goodstein et al. (2010) have been used with only minor adjustments to account for inflation and possible double-counting of final services provided by ecosystems within the region. To avoid double-counting, some assumptions have been made with regards to the contribution of climate regulation to some of the final goods and services included in the study. It has been assumed that climate regulation is partially accounted for in the value of the following final goods: food (subsistence harvest and commercial fisheries), polar bear hunting, and the existence value of reindeer herding, beluga whales and polar bears. It is assumed that 50% of the full economic value of these final services has been provided by climate regulation services provided by Arctic snow, ice and permafrost, and this amount has been deducted from the climate regulation value. It is recognised that climate regulation may contribute different fractions of the full economic value of these final ES; however, in the absence of information regarding the relative contribution of climate regulation to each of these values, and given the importance of avoiding double-counting (Fu et al., 2011) we assume that 50% of the full value of these final services are provided by climate regulation services. Per capita values were produced using a population size of 7.4 billion (for 2016).
Existence values (cultural value of reindeer herding to non-herders)
This section used data from Bostedt and Lundgren (2010) Norway, Finland and Russia. To do this, values were multiplied by the adult populations of these countries (Norway, the adult population is about 3.81million, in Sweden: 7.36m, Russia: 114.8m;
Finland: 4.18m.) and adjusted to 2016 US$ using PPP for each country.
Existence value of beluga whales
Data for this valuation was sourced from Boxall et al. (2012) . They use CV to estimate WTP of Canadian households for different levels of conservation for belugas in the St Lawrence
Estuary. Specifically, they estimate marginal utility changes for different levels of beluga whale conservation, compared to a current level of 1000 belugas (classed as "threatened"). We note that there is little variation in WTP over different levels of conservation, suggesting that perhaps respondents are not sensitive to varying levels of conservation but rather, are indicating a WTP for the existence of belugas. This kind of non-responsiveness to the scale or scope of a good is known as a part-whole bias (or embedding effect) and is considered to 4result from respondents valuing the overall existence of the good, rather than marginal changes in the status of the good.
It is therefore assumed that the estimated WTP results (which range from US$72.69 to (Olar et al. 2011) estimates the cultural benefit of hunting a polar bear to indigenous communities in Canada, although this is not based on primary data. Instead they use a model generated by Richardson and Loomis (2009) for the Arctic as a whole, habitat/refugia services provided by sea-ice, amongst others.
Existence value of polar bears
Primary data is being collected for some of the non-marketed values not included in this study; other data are simply not available. 
